Our previous study showed that a diet enriched with 400 g of carp per week improved plasma lipids in subjects after aortocoronary bypass (CABG). The aim of the present study is to determine whether the different carp farming systems have an impact on the effects of carp meat in secondary cardiovascular prevention. We examined 3 groups of patients after CABG over a 4-week period of spa treatment (108 persons, 73 males, 35 females, age over 60 years). We found no differences in baseline values of blood pressure or plasma lipids.
Introduction
Fish intake has been associated with lower risk of total and cardiovascular disease mortality in many, but not all studies (Villegas et al. 2015) . Most of the health benefits of fish consumption are usually attributed to the high content of omega-3 long-chain polyunsaturated fatty acids (n-3 LC PUFA), especially eicosapentaenoic (EPA) and docosahexaenoic acid (DHA), of which fish is the major dietary source (Balk et al. 2006) . Animal and human studies have demonstrated that n-3 LC PUFAs improve the function of the normal and damaged endothelium, by an increasing nitric oxide availability and the metabolic pathways of cytochrome P450 epoxygenases.
These epoxides cause potent vasodilatation and blood pressure reduction. Additionally, the antioxidant, anti-inflammatory, and anti-thrombotic properties of omega-3 fatty acids improve the stabilization of the electrophysiological properties of cardiomyocytes (Colussi et al. 2017) . Most health authorities recommend two servings of fish per week as part of a healthy balanced diet. The European Food Safety Authority (EFSA) Scientific Panel on Contaminants in the Food Chain state: "There is evidence that fish consumption, especially of fatty fish (one to two servings a week) benefits the cardiovascular system and is suitable for secondary prevention in manifested coronary heart disease" (EFSA 2005) . The EFSA Panel on Dietetic Products, Nutrition and Allergies has set the following Adequate Intake values: linoleic acid (LA) 4 E% (percentage of total dietary energy per day), alpha linolenic acid (ALA) 0.5 E%; EPA+DHA, adults 250 mg; DHA, children 6-24 months 100 mg; pregnancy and lactation, an additional 100-200 mg of DHA (EFSA 2010) .
Despite recommendations, fish consumption in Central Europe remains very low, e.g. in the Czech Republic it amounts to only 5.5 kg of fish and fish products per capita per year (Zeniskova and Gall 2009, ÚZEI 2016) . Compared to marine fish, freshwater fish which usually contain a lower content of n-3 LC PUFA, are often overlooked as a source (Ackman 2002) . Most observation studies and clinical trials have been realized using marine fish or fish oil, but not many articles related to freshwater fish and cardiovascular health are available. Fish also contains other potentially important nutrients such as taurine, selenium and astaxanthin which are understood to displace less healthy components in the diet (Radcliffe et al. 2016 ). In the Lugalawa study, Pauletto et al. (1996) compared a group of Tanzanian villagers on a high fish consumption diet (300-600 g daily) with a group on a vegetarian diet. The fish eaters were found to have significantly lower blood pressure and plasma lipid concentrations.
In our previous study (Adamkova et al. 2011 ) we showed that a diet enriched with 2 meals of carp (200 g each portion) per week significantly improved plasma lipids and markers of inflammation (high-sensitive CRP) in the blood of subjects after cardiac revascularization surgery for ischemic heart disease over a four-week period of follow-up spa treatment. The carp meat used in the study had a relatively low amount of n-3 LC PUFA in relation to the high effects observed on plasma lipid parameters, which led us to the hypothesis that it may not have been just lipid quality that was responsible for the effects observed.
Moreover, carp meat fat content and fatty acid composition are highly variable and influenced by farming systems (Mraz et al. 2012a) , nutrition (Mraz et al. 2012b) , purging (Zajic et al. 2013 ), processing (Sampels et al. 2015 , cooking (Sampels et al. 2014 ) and other factors. Recently, a patented system for the aquaculture production of "omega-3 carp" (carp with increased content of n-3 FA) was developed and successfully tested. This type of omega-3 carp is already available on the market in the Czech Republic and sold under a specific trademark (Fig. 1) . However, so far no study has compared the effects of carp meat from different production systems (cereal supplementation x pelleted feed) on cardiovascular prevention. Therefore, the aim of the present study was to confirm the results from our previous trial (Adamkova et al. 2011) and to examine whether carp farming systems would have an impact on carp meat health effects as a means towards post-surgery secondary cardiovascular prevention.
Methods

Carps production
The carps used for the intervention study were raised under two different pond production systems by the company Blatenská ryba, s.r.o. (i.e. Blatná Fish, Ltd., South Bohemian Region, Czech Republic). The first group was cultured with a traditional pond culture using supplemental cereal feeding (cereal carp). The other group was produced using the company´s patented technology of pond production of carp with increased content of n-3 fatty acids (omega-3 carp). Both groups were cultured in earthen dam fish ponds (2-3 ha) during the period April-September, 2010, (stocked with 3-year-old carps with an average weight of 1 kg; stocking density 670 individuals/ha) and supplemented three times a week with either triticale (Triticosecale) (cereal carp) or special feed KP Len (Výroba krmiv, s.r.o., Stříbrné hory, Czech Republic) containing 12 % rapeseed cake and 20 % extruded linseed (omega-3 carp). Fish were harvested in September (with an average weight of 2.3 kg), purged in small purging ponds for 14 days, filleted, vacuum packed, frozen and delivered to Spa Poděbrady (Czech Republic) for the intervention study.
Ten fillets per group were randomly selected for chemical analysis of carp meat quality. Lipid content and fatty acid composition of carp fillets were analyzed as described in Mraz and Pickova (2009) . Briefly, carp fillets were homogenized and 1 g of the aliquot sample used for lipid extraction using the hexane/isopropanol method (Hara and Radin 1978) . Fatty acids were methylated (Appelqvist 1968) and analyzed by gas chromatography (Fredriksson Eriksson and Pickova 2007) . Fatty acids were identified by comparison using the standard mixture GLC-68A (Nu-Check Prep, Elysian, MN) and retention times. For calculating the absolute amount of individual fatty acids, an internal standard of 15-methylheptadecanoate (Larodan Fine Chemicals AB, Malmö, Sweden) was used.
Intervention study
One hundred and eight patients after aortocoronary bypass in secondary prevention were included. None of these patients smoked during treatment (spa treatment after aortocoronary bypass) and none of the patients enrolled into this study had prescribed a special diet. The patients with verified diabetes mellitus type 2 were excluded. All were medicated with statins, beta-blockers and acetylsalicylic acid by their ambulatory cardiologists. The post-surgery patients underwent recovery for four weeks in the Spa Poděbrady (Czech Republic). During spa treatment, the patients consumed a standard spa diet for patients after cardiac surgery (controls) or a standard diet enriched with meals prepared from 2 x 200 g of carp meat per week using either "omega-3 carp" or "cereal carp". There were no differences in baseline values among the three groups (sex, age, blood pressure, lipid parameters, heart rate and body mass index) ( Table 2 ). Laboratory tests for lipid parameters were performed at the start and at the end of the period. Total cholesterol and triglycerides were determined in fasting blood samples using an enzymatic method (Hoffmann-La Roche, Switzerland). High-density lipoprotein cholesterol concentrations were analyzed (Cobas Mira Plus, Roche, Switzerland) after precipitation of apolipoprotein B-containing particles using the phosphotungstate method. Low density lipoprotein cholesterol (LDL-C) was measured by a direct method using a commercially available kit (Roche Diagnostics, Basel, Switzerland). Blood pressure measurements were taken on the right forearm in the sitting position after at least ten minutes of rest. Three blood pressure readings were obtained, and the mean value of the final last two measurements was used for further analysis.
Statistical analysis
Data were analyzed using the paired t-test, the two-sample t-test, ANOVA and multivariate linear regression analysis. All data are expressed as means ± standard deviations. A p-level <0.05 was considered statistically significant. Statistical analyses were performed without regard to gender, because of our previous studies we know that gender played no role in influencing these monitored parameters.
Results
Carp meat analyses
The carp used in the intervention study had a very distinct meat quality (Table 1) . Analysis revealed significantly higher amounts of PUFA and n-3 LC PUFA in omega-3 carp meat, while the cereal carp meat contained a higher proportion of MUFA (mostly oleic acid; 18:1n-9). Moreover, omega-3 carp had a content of beneficial EPA+DHA five times higher than that of cereal carp (53 vs. 262 mg of EPA+DHA per 100 g fillet).
Intervention study
The basic parameters of the study probands at the start of this trial are shown in Table 2 .
Changes in the plasma lipid profiles of subjects after 4 weeks of intervention are shown in Table 3 . The best results were found in group consuming omega-3 carp, which recorded the highest HDL cholesterol values and the largest decline in total cholesterol, LDL-C and triglycerides. We found no differences in fasting glucose, systolic/diastolic blood pressure or body mass index after spa treatment among the three groups. The lipid parameters after 4 weeks spa-treatment are shown in Table 4 .
Five years after the surgery events, all subjects were reassessed using questionnaire survey. Thirty-one S132 Mraz et al. Vol. 66 persons responded from group consuming omega-3 carp, 29 from group consuming cereal carp and only 2 from control group. There were no cases of myocardial infarction. In the intervening 5 years, 4 people from groups consuming carps were hospitalized for deteriorated blood pressure. All patients attended regular check-ups. Twenty eight individuals continued to consume 200 g of freshwater fish twice a week. 5.7 ± 0.6 11.8 ± 1.1*** 317 ± 63 622 ± 189** 20:2n-6 0.2 ± 0.1 0.3 ± 0.1 9 ± 4 15 ± 5 20:3n-6 0.2 ± 0.1 0.3 ± 0.0** 11 ± 1 16 ± 4* 20:4n-6 0.7 ± 0.3 1.3 ± 0.5* 38 ± 10 66 ± 17** 18:3n-3 0.9 ± 0.2 5.2 ± 1.7*** 50 ± 18 262 ± 92*** 18:4n-3 0.6 ± 0.1 1.3 ± 0.5* 36 ± 11 66 ± 32 20:5n-3 0.4 ± 0.2 3.2 ± 1.7** 20 ± 11 152 ± 58*** 22:5n-3 0.3 ± 0.1 1.0 ± 0.5** 14 ± 4 48 ± 16*** 22:6n-3 0.6 ± 0.2 2.4 ± 1.5* 34 ± 4 110 ± 35*** SFA 27.1 ± 0.8 25.4 ± 1.0* 1568 ± 439 1338 ± 401 MUFA 63.3 ± 1.7 47.3 ± 7.1*** 3667 ± 1074 2554 ± 860 PUFA 9.6 ± 1.4 27.3 ± 6.4*** 534 ± 99 1375 ± 389*** n-6 6.9 ± 1.0 139 ± 1.2*** 381 ± 66 726 ± 210** n-3 2.7 ± 0.5 13.4 ± 5.8** 153 ± 40 649 ± 231*** n-3 LC PUFA 1.3 ± 0.4 6.9 ± 3.8** 67 ± 17 322 ± 115*** EPA+DHA 1.0 ± 0.3 5.6 ± 3.1** 53 ± 13 262 ± 91*** SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; LC PUFA, long chain polyunsaturated fatty acids (20 and more carbons); EPA, eicosapentaenoic acid (20:5n-3); DHA, docosahexaenoic acid (22:6n-3); *, **, *** -statistically significant difference between the two groups at p<0.05; p<0.01; p<0.001, respectively, independent two-sample Student's t-test.
Discussion
To our best knowledge, our study is the first work aimed at investigating the impact of common carp farming systems on secondary cardiovascular prevention effects.
The results show that consumption of common carp meat with increased content of n-3 LC PUFA has positive effects on plasma lipids in subjects recovering from heart surgery. Therefore, it indicates that carp consumption would be beneficial in general. Fish consumption is generally very low in the Czech Republic (Zeniskova and Gall 2009, ÚZEI 2016 ) and far below current recommendations. This suggests that it would be beneficial to boost fish consumption in general as well as to increase the content of beneficial fatty acids in locally produced fish and associated products. 27.5 ± 6.38 27.6 ± 7.01 28.0 ± 7.92 n.s.
Controls -standard spa diet for patients after cardiac surgery; cereal carp group -standard diet enriched by cereal carp; omega-3 carp group -standard diet enriched by omega-3 carp. TC, total cholesterol; LDL-C, low density cholesterol; HDL-C, high density cholesterol; TG, triglycerides; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; BMI, body mass index. Table 3 . Plasma lipid changes in three studied groups of patients after 4 weeks of dietary intervention. Controls -standard spa diet for patients after cardiac surgery; cereal carp group -standard diet enriched by cereal carp; omega-3 carp group -standard diet enriched by omega-3 carp. TC, total cholesterol; LDL-C, low density cholesterol; HDL-C, high density cholesterol; TG, triglycerides. Significantly different from both cereal carp group and controls: ** p<0.01, *** p<0.001. (mmol/l) 3.9 ± 0.63** 4.8 ± 1.0 5.4 ± 0.61
Omega-3 carp group Cereal carp group Controls
1.2 ± 0.19** 1.0 ±0.23 0.9 ± 0.16
2.0 ± 0.49** 2.5 ± 1.0 2.6 ± 0.60 TG (mmol/l) 1.5 ± 0.41* 2.0 ± 0.81 2.1± 0.60
Controls -standard spa diet for patients after cardiac surgery; cereal carp group -standard diet enriched by cereal carp; omega-3 carp group -standard diet enriched by omega-3 carp. TC, total cholesterol; LDL-C, low density cholesterol; HDL-C, high density cholesterol; TG, triglycerides. Significantly different from both cereal carp group and controls: * p<0.05, ** p<0.01.
The improvement of plasma lipid parameters (a decrease in total cholesterol, LDL cholesterol and triglycerols, and an increase in HDL cholesterol) resulting from the consumption of carp meat, observed by Adamkova et al. (2011) and in the current study is in agreement with published studies on sea fish (Balk et al. 2006) . Fish proteins have been shown to have several positive effects on the different disorders and parameters S134 Mraz et al. Vol. 66 of metabolic syndrome. Among the most important findings observed are anti-inflammatory effects (Calder 2015) , increased insulin sensitivity and prevention of type 2 diabetes mellitus (T2DM) and obesity (Lavigne et al. 2001) . Cod protein has been shown to inhibit the development of obesity-linked insulin resistance and glucose intolerance in mice (Lavigne et al. 2000 , Lavigne et al. 2001 . Similar effects have been observed in human trials (von Post-Skagegård et al. 2006 , Ouellet et al. 2007 , Ouellet et al. 2008 .
However, the mechanisms underlying these effects are to be investigated yet. One of the possible explanations may be high levels of specific amino acids, which contain low levels of branched amino acids, such as taurine and arginine. Calcitonin salmon, the bioactive part of fish protein, has been shown to inhibit osteoporosis (Chesnut et al. 2008) and is a homologue of amylin, a hormone involved in the regulation of satiation and energy expenditure (Osaka et al. 2008) . Pilon et al. (2011) compared the effects of protein in different fish species (bonito, herring, mackerel and salmon) when included in a high-fat, high-sucrose diet fed to rats. They found that, compared with a casein diet, protein from all fish species exhibited anti-inflammatory action through tumor necrosis factor-α and interleukin-6. In addition, the group fed salmon protein had lower weight gain and reduced fat in epididymal white adipose tissue. This suggests that there might be specific effects linked to protein from different fish species. The bioavailability of fatty acids might also differ depending on lipid structure and food matrix (Mu 2008 , Schram et al. 2007 ). The final effect may also symbiotically contribute to other substances in fish.
Recently, there have been many controversies concerning the effects of fatty acids (including omega-3), because inversely risk-related, yet randomized large multicentre trials have not supported this direct relationship . In one large prospective cohort study of healthy women, intake of tuna, dark fish and marine omega-3 fatty acids was not associated with the risk of major CVD (Rhee et al. 2017) . The National Heart Foundation of Australia recommended that Australian adults should consume 500 mg of omega-3 fatty acids per day for the primary prevention of cardiovascular diseases and 1000 mg of omega-3 fatty acids for the secondary prevention of CVD (Nestel et al. 2015) .
The median fish intake at 27 g/day in all probands showed an inverse association between total fish intake and total mortality among all probands while the association between intake of fish and total mortality was not significant among participants with chronic disease (Villegas et al. 2015) . Our probands were given a daily median intake of about 57 g of fish (400 g per week), but only freshwater carp. We have not found any valid trial or study that has focused on carp.
Some recent trials show neutral findings as concerns the effect of long chain fatty acids on the cardiovascular disease event risk. These results may be possibly attributable to e.g. aggressive cardiovascular drug treatment or overshadowing the benefits of these fatty acids (Rice et al. 2016) . The current recommendation of American Heart Association for CVD secondary prevention (2011) state that "it may be reasonable to recommend omega-3 fatty acids from fish or fish oil (1 g/day)" (Kleber et al. 2016) , but no trials have confirm any significant benefit from intake of these products for reduction of clinical endpoints, while low plasma concentrations of omega-3 fatty acids precede the development of congestive heart failure (Kleber et al. 2016) . As of yet, we have been unable to compare these data with data from our groups. For CVD risk, meta-analyses of randomized controlled trials indicate a significant triglyceride-lowering effect for fish and fish oil. Indeed, recent studies of type 2 diabetics indicate that fish and fish oil may improve endothelial function. Some of the heterogeneity in the results pertaining to fish and fish oil in diabetes may be explained by substantial variation in the experimental designs used, including the selection of study populations, the amount of fish, and fish oil administered, as well as the continually improving standards in healthcare (Ward and Hintze 2016) . Compared to the Danish population living in Denmark, diabetes mellitus was essentially unknown among the Inuits (Radcliffe et al. 2016) inhabiting Greenland which forms an autonomous part of the Kingdom of Denmark.
Omega-3 PUFA can attenuate the immune system response of T cells and macrophages through hitherto unidentified cell surfaces receptors, perhaps by changing the composition of membrane micro-domains, since a recent cross-sectional study on Danish children shows a positive association of mean arterial blood pressure with whole blood DHA (only in boys) (Bonafini et al. 2015) . The beneficial effects of 1800 mg/day of EPA on CVD risk reduction may relate in part to the lowering of Lp-PLA 2 without adversely affecting LDL-C. In contrast, DHA decreases postprandial TG, but raises LDL-C. Other observations indicate that these dietary fatty acids have divergent effects on cardiovascular risk markers (Asztalos et al. 2016) . Data and analysis were compiled for a prospective cohort study of U.S. women participating in the Women's Health Study . As part of the analysis, the Cox proportional hazards model was used to evaluate the association between fish and energy-adjusted omega-3 polyunsaturated fatty acid intake and the risk of major cardiovascular disease, defined as the composite outcome of myocardial infarction, stroke, and cardiovascular death, in 38.392 women in the final (i.e. 96 %) analytic sample. There was no modification of effect in age, BMI or baseline history of hypertension differences. In another study a group of women without history of cardiovascular disease, intake of tuna and dark fish, α-linolenic acid, and marine omega-3 fatty acids were not associated with the risk of major cardiovascular disease (Rhee et al. 2017) .
Another study on normotensive subjects with highest dietary consumption of omega-3 fatty acids had a risk of hypertension development lower by 27 % as compared with subjects with the lowest intake (Colussi et al. 2017) .
Patients after myocardial infarction that consumed 1 g/day of omega-3 PUFA for 3.5 years reduced their mortality rate by 20 % and sudden death rate by 45 % as compared to placebo-administered patients . Our follow up study is rather short to confirm these results.
Over recent years, a number of observational and intervention studies that have tried to determine the possible cardiovascular protective effects of omega-3 fatty acids have reported negative findings. However, despite these reports the use of fish oil is beneficial for the prevention of sudden death after myocardial infarction, the publication reports an association between supplementation with omega-3 polyunsaturated acids and higher mortality. But while significant results have been obtained regarding the cardioprotective effect of omega-3 PUFA in native Japanese and Alaskan populations, in other population (Americans) the same effect has not been demonstrated (Colussi et al. 2017) . A recent report showed the relationship between hypertriglyceridemia and cardiovascular disease, since elevated triglycerides can promote atherogenesis. However, only high-risk patients treated with omega-3 PUFA showed a significant decrease in carotid-femoral pulse wave velocity (Casanova et al. 2016) .
It is clear, that further research focused on the intake of polyunsaturated acids and their influence on cardiovascular diseases, comorbidities and mortality must be performed in order to explain their effects.
Conclusion
In conclusion, we show that carp meat has positive effects on plasma lipids in the secondary prevention of ischemic heart disease. Furthermore, the significance of these effects is strongly influenced by the carp production system. Cardioprotective effects were obtained with the omega-3 carp, which contains five times the amount of EPA+DHA than that of traditional cereal carp. We believe that carp can be of major importance in combating metabolic disorders in many populations in central continental regions without sea access, as carp can be produced world-wide in large quantities. However, more studies -both animal studies and intervention studies on human subjects -are needed to confirm this.
